Background Currently, three surgical approaches are available for the treatment of cam femoroacetabular impingement (FAI), namely surgical hip dislocation (SHD), hip arthroscopy (HA), and the miniopen anterior approach of the hip (MO). Although previous systematic reviews have compared these different approaches, an overall assessment of their performance is not available. Questions/purposes We therefore executed a multidimensional structured comparison considering the benefits, opportunities, costs, and risk (BOCR) of the different approaches using multicriteria decision analysis (MCDA). Methods A MCDA using analytic hierarchical process (AHP) was conducted to compare SHD, HA, and MO in terms of BOCR on the basis of available evidence, institutional experience, costs, and our understanding of pathophysiology of FAI. A preclinical decision-making model was created for cam FAI to establish the surgical approach that better accomplishes our objectives regarding the surgical treatment. A total score of an alternative's utility and sensitivity analysis was established using commercially available AHP software. Results The AHP model based on BOCR showed that MO is the best surgical approach for cam FAI (normalized score: 0.38) followed by HA (normalized score: 0.36) and SHD (normalized score: 0.25). The sensitivity analysis showed that HA would turn into the best alternative if the variable risks account for more than 61.8% of the priority during decision-making. In any other decision-making scenario, MO remains as the best alternative. Conclusions Using a recognized method for decisionmaking, this study provides supportive data for the use of MO approach as our preferred surgical approach for cam FAI. The latter is predominantly derived from the lower cost of this approach. Our data may be considered a proxy performance measurement for surgical approaches in cam FAI.
Introduction
Femoroacetabular impingement (FAI) is an alteration of hip morphology [25] associated with chondral [1, 5, 23, 32] and labral lesions [7, 10, 16] and is considered one of the most common causes of hip pain in young adults [18, 26] . More importantly, it incurs an implicit risk for development of end-stage osteoarthritis [16] .
Although nonoperative management is the first line of treatment [17] , persistent symptoms may lead to the need for surgical intervention. The goal of surgical intervention is to eliminate dynamic impacting between the femoral One of the authors (JP) certifies that he has or may receive payments or benefits, during the study period, an amount of USD 10,000-USD head-neck junction and the labroacetabular complex [8, 14, 20] (especially during flexion and internal rotation of the hip) and to address the labral and chondral lesions.
Ganz et al. [16] have been credited with popularizing the concept of FAI and enhancing our understanding of this clinical entity. The same group described a safe and reproducible technique for surgical dislocation of the hip to address this condition [5, 15, 19] . In recent years, and with advances in arthroscopic techniques [7] [8] [9] , surgical management of FAI using minimally invasive approaches has gained popularity. The intention of the surgical procedure, whether using hip arthroscopy (HA), surgical dislocation (SHD), or miniopen osteoplasty (MO) [24] , is the same: to remove the source of impingement by performing osteoplasty of the femoral head-neck junction and/or the acetabular rim and address the labral and chondral lesion.
There are no prospective studies comparing arthroscopy and open surgery for treatment of FAI. The available information in the literature is only an analysis of reported outcomes of each procedure by different centers in systematic reviews [6, 10, 22] . Although HA generated lower rates of complication and faster rehabilitation than open techniques, the overall functional improvement has been comparable. The surgical skill set required to perform each of these approaches is sufficiently different so that no one surgeon may be adequately experienced to perform all three approaches proficiently. Hence, there are surgeons whose preference is to perform an open approach for treatment of FAI and others who believe FAI can be addressed by arthroscopy alone. To our knowledge, a multidimensional comparison among the three surgical approaches involving benefits, opportunities, costs, and risks (BOCR) is not available.
To address the lack of multidimensional appraisal in previous comparative studies, we designed the current study using multicriteria decision analysis (MCDA). Our goal was to compare these three surgical approaches considering BOCR on the basis of both the available evidence and our own surgical experience in FAI.
Patients and Methods
A preclinical model for cam FAI was created for this study based on our understanding of the FAI pathophysiology as follows: A young active patient is seen in the outpatient clinical setting with persistent hip pain after failed conservative treatment (6-week course of physical therapy and nonsteroidal antiinflammatory drugs) in the context of cam FAI without radiographic osteoarthritis. After a thorough evaluation, including a detailed history, physical examination, radiographs and MRI/arthrography, the clinician decides to suggest surgical treatment, which is directed to repair bony alterations, labral tears, and chondral lesions. The clinician must evaluate: what the best approach is for surgical treatment in this patient considering BOCR of the different available alternatives.
Three surgical approaches (MO, HA, and SHD) were chosen to be included in the MCDA. MCDA methods were designed to help individuals make better choices when encountering decisions that involve different alternatives or dimensions. They are useful in linking hard data with specific subjective priorities, weighing tradeoffs between different outcomes, and incorporating the opinions of multiple decision-makers. Evidence-based, patient-centered clinical decision-making is composed of all of these features [12] . Analytic hierarchical process (AHP), the most frequently used method of MCDA for medical decision support [11] , allows the decision-maker to design a hierarchical structure and weigh the tradeoffs between decision criteria and alternatives to facilitate improved clinical and management decisions [35] (Fig. 1 ).
The three surgical approaches were subjected to AHP analysis. According to Saaty, the developer of AHP, it is ''a general theory of measurement that is used to derive ratio scales from both discrete and continuous paired comparisons. These comparisons may be taken from actual measurements or from fundamental scales, which reflect the relative strength of preferences and feelings. In its general form, AHP is a nonlinear framework for carrying out both deductive and inductive thinking without the use of syllogism by taking several factors into consideration simultaneously and allowing for dependence and for feedback, as it makes numerical tradeoffs in order to arrive at a synthesis or conclusion'' [27, 30] . Dolan et al. summarized AHP in five steps [12] : (1) create a decision model by defining the decision goal, the options, and the criteria that will be used to determine how well the options meet the goal; (2) judge how well the options satisfy each criterion by making a series of pairwise comparisons among them using a nine-point scale ranging from ''equally good'' to ''extremely better.'' Another method is to incorporate the Fig. 1 The basic structure of the analytic hierarchical process. It includes the goal, criteria, and alternatives levels. direct weight of the priorities (the different priorities must sum 1.00). In the current study, both methods were used; (3) determine the relative priorities of the criteria in meeting the decision goal by making a series of pairwise comparisons among them using a nine-point scale ranging from ''equally important'' to ''extremely more important'' or to incorporate the direct weight of the priorities (the different priorities summing 1.00); (4) combine the option judgments and the criteria priorities to create a numeric ratio scale that indicates how well the options meet the goal; and (5) if desired, perform sensitivity analysis to explore the effects of changing the option judgments, criteria priorities, or both. To validate the comparisons, Saaty established the consistency ratio (CR) [29] . The CR provides information about logical consistency among pairwise comparison judgments. A perfectly consistent set of pairwise comparisons has a CR = 0.0 (no logical inconsistency). A CR \ 0.1 is generally considered acceptable [12] .
The analysis was conducted by the first author using SuperDecisions TM software (Creative Decisions Foundation, Pittsburgh, PA, USA).
An AHP model was established as follows: The goal level is represented by the ''best surgical approach for cam FAI.'' The criteria level is composed by four criteria, namely ''benefits,'' ''opportunities,'' ''costs,'' and ''risks.'' For each one of the criterion, a subnet was created according to the software developers' recommendation, some of them presenting subcriteria ( Table 1 ). The alternatives level comprises the three surgical approaches (Fig. 2) .
To establish the benefits provided by each one of the surgical approaches (subnet benefits), we used the average improvement in functional results observed for the different modalities. We decided to use the modified Harris hip score, because it is, thus far, the most frequently used method for functional assessment in patients with FAI [6] . The improvement described for HA was 26.4 points and 20.5 points for SHD in the systematic review conducted by Botser and colleagues [6] . The improvement that we observed and published for MO was 27 points [24] . These observations, converted in priority values, were 0.36 for HA, 0.37 for MO, and 0.28 for SHD. Because the cited articles did not differentiate the results according to the type of FAI, we used these values for our cam FAI model.
To establish the opportunities offered by each one of the surgical approaches (subnet opportunities), three technical factors were taken into consideration: (1) ability to successfully repair labral tears; (2) ability to successfully address chondral lesions; and (3) ability to correct the cam deformity (femoral head-neck junction bony bump). To establish consistency in pairwise comparisons among the three surgical approaches with respect to this criterion, we used the clockwise system to compare access to the hip provided by each. HA and SHD provide the potential for circumferential access to the labroacetabular complex and acetabular cartilage. On the other hand, the surgical access provided by MO is reduced [21] and in our experience can reach from 9 o'clock to 3 o'clock (180°) when optimized. As input for the comparisons, we used the information provided by Tannast et al. [37] , who described that 100% of the labral tears are located between 11 o'clock and 3 o'clock in cam FAI. Based on this information, the three surgical approaches were found to be potentially sufficient to address and treat 100% of the labral lesions in cam FAI. During the pairwise comparison, it provides equal priority (0.33 for each one, to sum 1.00) because all alternatives can accomplish the goal with equal proficiency. The second criterion is ''successful treatment of chondral lesions.'' According to Tannast and colleagues [37] , all chondral lesions in patients with cam FAI are located between the 9 o'clock and 3 o'clock positions. Consequently, the three surgical approaches provide equal probability to address and treat chondral lesions. Therefore, the priorities are 0.33 for each one of the surgical approaches (to sum 1.00). The third criterion is ''successful treatment of cam deformity,'' meaning satisfactory correction of the femoral head-neck junction bony alteration. Regarding the potential to correct cam lesions, we used the information provided by Sussmann et al. [36] . The arc correction was chosen as a point of comparison between the approaches. They reported that HA can provide 125°of correction, whereas SHD can provide 130°. Because this value has not been established for MO, we used the same value of 130°as was established for SHD because of their similarity to an open surgical procedure (extrapolated data). According to these observations, the described arcs of correction were converted to priority values, which in turn were 0.34 for SHD and MO and 0.32 for HA (to sum 1.00).
To establish the costs (subnet costs), we used the monetary charges based on current procedural terminology (CPT) billing codes at our institution ( Table 2 ). The US dollar values were then converted to priority values directly into priority values. The final priority values were 0.31 for HA, 0.22 for MO, and 0.46 for SHD.
To establish the risks (subnet risks), we used the concept of ''avoidance of complications related to the surgical technique.'' We used data from the study by Botser et al. [6] to obtain the rate of complications for HA and SHD. We excluded those complications that, from our perspective, are not inherent to the technique (ie, deep venous thrombosis) and those that were transient (ie, transitory pudendal nerve or transitory lateral cutaneous femoral nerve palsy). The final complication rates that were included in our models were 1.1% for HA and 8.7% for SHD. For MO, because we were interested on our own technique, we used our previously published data to establish a complication rate of 1.3% [24] . The final priority values were 0.10 for HA, 0.12 for MO, and 0.78 for SHD.
The final goal (''best surgical approach'') was calculated by combining the different subnet's priority results, providing a BOCR summary score. The additive negative (substractive) formula was chosen as recommended by the software creators [28] as well as by Wijnmalen [39] . The Fig. 2 The structure of the BOCR model used for the current study is depicted. formula considers costs and risks as negative additive factors (negative features) affecting benefits and opportunities (positive features). The BOCR score formula is summarized as follows:
weight ðbenefitsÞ Ã priority ðbenefitsÞ þ weight ðcostsÞ Ã ð-priority ½costsÞ þ weight ðopportunitiesÞ Ã priority ðopportunitiesÞ þ weight ðrisksÞ Ã ð-priority ½risksÞ A sensitivity analysis was performed to evaluate the robustness of the decision accomplished [13] .
As a method to assess the uncertainty of our model, we evaluated the ''rank-reversal'' phenomenon, in which the ranking of alternatives is reversed after adding or excluding an alternative [29, 38] .
Results
The main AHP model as well as the subnets had a CR \ 0.1. The results obtained showed that MO is the best alternative to treat a patient with cam FAI in the context of labral and chondral lesions (normalized value: 0.38) followed by HA (normalized value: 0.36) and then SHD (normalized value: 0.26) (Fig. 3) .
The sensitivity analysis showed that regardless of the importance allocated to the criteria ''benefits,'' ''opportunities,'' or ''costs'' during decision-making, the order in which the alternatives were ranked is not affected. On the other hand, the sensitivity analysis showed that if the priority allocated to ''risks'' is higher than 0.618, the alternative HA comes to be the preferred one followed by MO and SHD.
No rank-reversal phenomenon was observed in this model.
Discussion
Using the available literature and our own surgical experience, we were able to assemble a MCDA model to compare the attributes of three different surgical approaches for treatment of cam FAI, namely HA, SHD, and MO. After the establishment of a system of priorities based on our understanding of the FAI pathophysiological process, we demonstrated that from our perspective, MO has a higher BOCR score than SHD and HA. The presented results support the use of MO as our preferred method to treat patients with cam FAI.
This study has some limitations that should be noted. First, the presented model was generated from our particular perspective, as permitted by the AHP, so we suspect that these results will not generalize to lower volume surgeons or surgeons inexperienced with one or more of the approaches. Second, the sources of uncertainty in AHP models are multiple and have been extensively discussed in the literature [31] , including some modifications proposed to deal with this problem [4] . Zahedi and colleagues divided judgmental uncertainty into two forms: external and internal source of uncertainty [40, 41] . The former refers to the environment for collecting performance data of the criteria. The latter is caused by the decision-maker because of the limited or insufficient information. In our models, there are several external and internal sources of uncertainty, which mainly are a function of the variability of the studies included. It is well known that the quality of the literature reporting outcomes of these procedures, especially HA and SHD, portrays great discrepancy among the indications for surgical treatment, as shown by Ayeni and colleagues in two papers [2, 3] , so the outcomes presented in the literature are difficult to assess and apply. Probably the same phenomenon is valid for miniopen surgery [6] ; thus, we decided to use our institutional data previously published. Because level I evidence comparing the three surgical alternatives is not available, we believe that the inclusion of the systematic review by Botser and colleagues [6] provides our models with the best available evidence. In addition, the lack of information regarding some of the criteria in our models was resolved by extrapolating information from hard data similar in nature. In consequence, these data might not be completely accurate. As a method to assess the uncertainty of our models, we evaluated the ''rank-reversal'' phenomenon, in which the ranking of alternatives is reversed after adding or excluding an alternative [29, 38] . Rank-reversal is intimately related to uncertainty, so we considered it to address this shortcoming. The rank-reversal phenomenon was not observed in our model. Also, the available information in the literature did not allow the MCDA model to evaluate the influence of learning curve on the eventual outcome of each. In addition, the available studies reporting the outcome of each procedure are by surgeons or centers that perform a relatively high volume of these procedures. Thus, it is not known how each of these approaches would perform in the hands of low-volume surgeons or centers. The problem is that the available literature does not make a distinction between high-volume versus low-volume surgeons nor does it provide comparative data on the outcome of two different procedures used by the same surgeon. Expertbased surgical delivery of care is an established method in medicine. However, we argue that this issue applies to any outcome reports that we see in orthopaedics.
Finally, the cost for these procedures was determined using a single institution's charges on the basis of CPT codes that may not be reflective of all centers. Despite this, the costs that we used to study HA are very similar to those used previously to calculate the cost-effectiveness of this particular procedure in the west coast of the United States [33] . For this reason, we believe that our conclusions are valid.
The miniopen surgery had a higher BOCR total score for the treatment of cam-type FAI. The latter relates to the low rate of complications that we observed [24] and, most importantly, the lower cost of this procedure. Despite the minimal difference observed between MO and HA, the sensitivity analysis based on the variables benefits, costs, and opportunities showed that our results are robust. On the other hand, our results can be modified in favor of HA if the priority allocated to the variable risks increases. SHD had a lower BOCR total score than MO and HA, mainly as a result of the high rate of complications described as well as the higher costs. An interesting categorization of the type of complications presented after SHD was presented recently by Sink and colleagues [34] . Probably, the use of this classification system may be beneficial to be applied in all FAI literature to make the comparison among the different surgical strategies more consistent. It is plausible that the inclusion of this classification system in our models may generate changes in the total scores presented, especially for SHD. Beyond our results, there appears to be minimal difference in the calculated benefits among the three procedures in their ability to treat FAI. However, SHD appears to be associated with a higher cost. It is remarkable that, to date, there is no a particular CPT code to classify SHD; thus, the one that is used is nonspecific. This fact may explain the higher cost when compared with HA and MO.
In conclusion, this analysis, which used a recognized method for medical decision-making based on subjective prioritization, supports our choice of MO as our preferred method to treat cam FAI. Our data may be considered a proxy performance measurement for these procedures, mainly because of the inclusion of the variables BOCR during our analysis.
